This investigation is devoted on the development method of asymptotic expansions in time and spatial coordinate as well as the method of splicing the expansions obtained for small time magnitudes in the contact area and outside of it are used as methods of analysis. Here we investigate the influence of elasticity modulus, shear modulus on the force of interaction between wheel and rail, as well as the dynamic sag of the track structure. Proposed in this paper, a model of the interaction between the vehicle wheels and elements of the track structure gives 956 Alexey A. Loktev et al.
Introduction
This paper deals with the development of the method of matching solutions of the wave and the contact problem on the border of the area of contact of the impactor and target. There is a fairly large class of methods for determining the parameters of the behavior of structures and their elements under dynamic load, taking into account the wave phenomena [1] , oscillations [2] and different rheological properties of the target material [3] [4] [5] [6] . There are also analytical [7] and numerical [8] methods allowing to solve problems of contact interaction of solids, taking into account their movement [9] , various geometric and mechanical properties [10] . The real engineering problems [11, 12] of structures analyzing and their elements on the dynamic interaction of the vehicles often have a dual nature, and include both the wave and the contact component [13, 14] . To accurately determine the kinematic (displacement, sag) and dynamic parameters (forces, stress) in this paper the computer system makes it possible to obtain analytical expressions for the unknown quantities up to the mechanical characteristics of the target material and the parameters of the dynamic interaction of the initial application.
Splicing method of the wave and contact solutions
In order to determine the integration constants in the ray expansion of space coordinate and time are required to solve the problem of a dynamic contact between the wheelset and the rail. For the modeling of the contact the buffer is used, which can be represented as an elastic, visco-elastic and elastoplastic element. For these three elements the dependencies of the arising contact force in the point of interaction on the rail displacement and on mechanic characteristics of applied materials are determined [2, 4, 5, 6] ( ) ( ) ( ) ( ) Since the existence of the buffer is a model representation of the contact area between two bodies, the buffer does not loose the stability during the contact process. At the moment of the contact with the rail, the wheelset exhibits a certain velocity, which vertical component is denoted as V0.
For the determination of the integration constants it is necessary to write a system of equations that describes the behaviour of the wheel set, the buffer and the rail contact area after the beginning of the interaction.
The motion of the wheelset after beginning of the interaction with the construction of the top railway is given by [6]    ,
where  and w -the accelerations of the top and bottom edges of the buffer modelling the contact between two bodies.
The motion equation of the contact area is given by [10] 
where   l  -the adjusted weight of the moving part of the track structure, Fthe square of the sleeper bearing, kl -the coefficient taking into account the compatibility of behaviour of the neighboring sleepers. The expression for the interaction force P(t) depends on a type of the interaction model and is defined by one of Eqs. (1) -(3).
Taking into account the condition of horizontality of the tangent line towards the middle surface of the rail at the boundary points of the contact area with the wheelset, the system of equations defining the interaction process between the wheel, the rail and the sleepers may be obtained. This system is solved using the following initial conditions:
By solving the system of equations that determine the behaviour of interacting bodies after the beginning of the contact at equal time values and considering Eq. (1) expressions for the dynamic sag of the track structure and for the interaction force between the wheel and the rail my be written as
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3 Numerical investigations Figure 1 shows time dependencies of the dimensionless contact force for different interaction models: curve 1 -elastic contact (Eq. (1)), curve 2 -visco-elastic contact (Eq. (2)), curve 3 -elastoplastic contact (Eq. (3)). The dotted line depicts the results of the experimental tests carried out using a geometry car. From Fig. 1 one can see that the elastic model (Eq. (1)) gives the best approximation to the experimentally obtained data in respect to the maximal force value, the contact time and the type of a graphic dependence.
The curve 2 obtained from Eq. (2) describes as well the experimental dotted line quite precisely, however only at large relaxation time, i.e., in the case when the visco-elastic model becomes almost elastic. The elastoplastic model (curve 3) does not describe in detail the type of interaction, i.e., the curve reaches rather fast its maximum and then goes to zero rather slowly. Figure 2 illustrates time dependencies of the normalized linearly elastic force of interaction (Eq. (8)) . From Fig. 2 it can be seen that with increasing of r EE  the contact force decreases. The dotted line was obtained from the calculation of the displacements that were received from experimental data of the geometry car. The experimental and analytical results are in good agreement regarding the maximal force value and duration; only in the beginning the experimental dependence has less linear behaviour than the theoretical one. Figure 3 shows the dependencies of the normalized maximal sag on the ratio , curve 2 -E =2.310 -6 , curve 3 -E =1.110 -6 . From Fig. 3 
Conclusions
The conducted investigations have shown that the elastic model describes in the best way the behaviour of the force in the point of interaction and by correctly choosing the stiffness properties (modules of deformation and shear) of the track structure and the main body of the embankment allows for the precise determination of the railway behaviour with the dynamic loading. The deformation modulus has a strong influence on the force value. The behaviour of the contact force at the first time moments is almost independent of elastic characteristics of the embankment and is determined solely by the wheelset -top rail contact characteristics. The increase in the ratio between the shear modulus and the deformation modulus leads to the decrease of the sag and increase of the contact force, whereas the shear modulus has the biggest influence on the dynamic sag in the plane perpendicular to the rail.
